Summary. The anatomy and histology of pouched mouse ovaries were studied during the oestrous cycle, pregnancy and lactation along with the relationship between the ovarian structures and circulating concentrations of progesterone.
Introduction
Published information on the physiology of reproduction in African small rodents is scarce in comparison to what is available on rodents from other continents. Pouched mice (Saccostomus campestris) belong to the subfamily Cricetomyinae (Cricetidae), which comprises 3 species, all of them occurring exclusively in Africa. They are nocturnal, burrow-living rodents (Smithers, 1983) , and probably lead a solitary life (Westlin-van Aarde, 1989) . The females are spontaneous ovulators with a 4-day cycle and they do not appear to have a luteal phase. The corpora lutea formed during the cycle are pale and much smaller than those formed during pregnancy. There is no post-partum oestrus and the females are not reproductively active during lactation .
The present study reports on the anatomy and histology of pouched mouse ovaries during the oestrous cycle, pregnancy and lactation and the relationship between the presence of ovarian structures and circulating concentrations of progesterone.
Materials and Methods
Animals. The pouched mice were bred at the Mammal Research Institute, University of Pretoria, South Africa, and maintained under optimal breeding conditions in a constant environment as described by .
Females were weaned at 25 days of age and housed in single-sex groups of 5 animals per cage. When 60 days old the females were exposed to 1 of 2 treatments: (a) housed singly; vaginal smears taken twice daily for at least 36 days, or (b) paired with a male of proven fertility; vaginal smears were taken each morning to con¬ firm mating and pregnancy (see Westlin-van [l,2,6,7-3H] progesterone in phosphate buffer to which 0-1 ml pooled plasma had been added served to determine procedural losses incurred during extraction.
Validations. The specificity of the antiserum (1522) was quantified by the supplier (see above) and cross-reactions of other steroids were: 1 la-hydroxyprogesterone, 26-2%; 11 ß-hydroxyprogesterone, 48-3%; 5a-pregnane-3,20-dione, 251%; 17a-hydroxyprogesterone, 2-6%; pregnenolone, 5-2%; 11-deoxycorticosterone, 1-9%; 11-deoxycortisol 1-7%; 3a-hydroxy-5-pregnane-20-one, 0-4%; 20a-hydroxy-4-pregnane-3-one, 0-3%; Cortisol, <0T%. Cross-reactions of testosterone, 4-androstenedione, oestradiol-17ß and oestrone were all <0001%.
Detection limit of the assays, determined through the use of SECURIA 2200 (Packard Instrument Co, Downers Grove, IL, USA), ranged from 26-3 to 1560 pg/ml (mean 93-5 + 52-4 pg/ml; = 12). The 24 blanks containing glassdistilled water or nothing, measured during the assays, contained 011+ 0-22 ng progesterone equiv./ml.
Recovery estimates varied from 680 to 911% (mean 82-9% ± 907; = 6) for samples obtained from pregnant females and from 63-2 to 69-2% (mean 66-5% + 2-47; = 5) for samples obtained from non-pregnant, lactating females. The recovery estimate for samples obtained from non-pregnant, cyclic females was 81-27% (n = 1). Results were corrected accordingly. Intra-assay coefficient of variation was 4-99%, and inter-assay coefficient of variation for samples of pregnant and non-pregnant lactating females were 13-9 (n = 6) and 12-7% (n = 5) respectively (samples of non-pregnant, cyclic females were all included in 1 assay).
Results

Ovaries
The macroscopic appearance of the ovaries was similar to that of many other rodents, being enclosed in a capsule and with corpora lutea protruding from the surface. Primary oocytes were observed just beneath a thin tunica albugínea, and primordial follicles occurred only in the peripheral zone of the cortex.
Mean ovarian weights of pregnant females were not correlated to gestational age (r = 0-53) or to progesterone concentrations (r females (see Table la ). The ovarian weights gradually declined during the first 5 days of lactation and remained low for the rest of the lactating period. The mean ovarian weights of all lactating females were significantly lower than those of pregnant females (see Table la ). Pregnantfemales. During early pregnancy there were several sets of corpora lutea in the ovaries. The set formed after conception successively developed in size and degree of luteinization, while earlier sets successively regressed. Theca interna was luteinized and included in the corpora lutea of pregnancy as in cyclic females (see above). At Day 13-15, the 2 youngest sets of corpora lutea were equally well luteinized and besides them only very old corpora albicantia were observed. From then on, the second youngest set of corpora lutea started to regress, while the corpora lutea of pregnancy continued to develop throughout pregnancy.
An accessory corpus luteum (i.e. an unovulated luteinized follicle) was found only in one female, at Day 18 of pregnancy.
The follicular development was very moderate during pregnancy. Early antral follicles underwent rapid atresia, the thecal glands then forming corpora atretica.
As the corpora lutea from earlier ovulations regressed, the luteinized theca cells (see above) maintained their glandular structure and filled a lot of the interstitial space up to progesterone dropped to~0 ng/ml (below the assay sensitivity). During lactation, the progesterone concentrations ranged from 0 to 0-28 ng/ml, mostly being below the sensitivity of the assay (mean detection limit = 009 ng/ml). During the first 4 days after the end of lactation (young were removed), the concentration of circulating progesterone remained low, mostly under the detection limit for the assay, but with a larger range (0-9-09 ng/ml).
Five pseudopregnant females at Day 9 had significantly higher progesterone concentrations (mean 210-28 ng/ml, s.d. = 59-73) than did pregnant females at Day 9 (mean 7918 ng/ml, s.d. = 48-11; = 6) (f = 3-646, d.f. = 9; < 001).
Discussion
The larger size of antral follicles on the day of pro-oestrus than on the day before or after, while still not ready to rupture, suggests that ovulation takes place between pro-oestrus and oestrus, i.e. at about the time when the animals normally mate (Westlin-van Aarde, 1988). Mice and rats have a short luteal phase during the cycle, and there is an accumulation of corpora lutea in the ovaries (see Asdell, 1964; Rowlands & Weir, 1984) . In hamsters, however, the corpora lutea do not accumulate in cyclic females, although they have a short (Grady & Greenwald, 1968; Greenwald, 1968; Kent, 1968) but functional luteal phase (Lukaszewska & Greenwald, 1970; Leavitt et ai, 1973 Leavitt & Blaha (1970) demonstrated the lowest levels of progesterone (~1 ng/ml) during the cycle at pro-oestrus, while Saidapur & Greenwald (1978) found a pregesterone peak (11) (12) (13) (14) (15) (16) (17) (18) ng/ml) during that stage and also suggested that the interstitial tissue is one of the primary sources for that peak (Saidapur & Greenwald, 1979) . The progesterone concentrations in cyclic pouched mice of the present study were lowest during dioestrus and pro-oestrus (~2 -5 ng/ml), although the interstitial tissue at that stage was as glandular (judged from the histology) as during the rest of the cycle and during pregnancy.
The similarity of mean ovarian weights between cyclic and pregnant females (regardless of stage) could be ascribed to the accumulation of corpora lutea during the cycle, while during pregnancy the earlier sets regressed as the luteal set of pregnancy developed. After parturition, weight decrease of the ovaries coincided with luteal regression.
Although ovarian weights of pregnant females were not correlated to gestational age or to peripheral progesterone concentrations, the development of corpora lutea (size and degree of luteinization) in these females agreed with the increase of peripheral progesterone concentrations during pregnancy, but not with the peaks. The first progesterone peak coincided with the time when implantation starts . The second peak (on Day 13) was not accompanied by any visible change in development of the corpora lutea of pregnancy. However, on Days 13-15, the 2 sets of equally well luteinized corpora lutea, only differing in size, suggests a temporary rejuvenation of the youngest set of corpora lutea formed before conception. Furthermore, the time when the progesterone peak and the rejuvenation of an older set of corpora lutea occurred coin¬ cided with the time (Days 13-16) when blood in the vaginal smears was observed in most (80%) pregnant females. This blood originates from a leakage of red blood cells from the placenta, the placental sign, which has been observed in a number of rodents, e.g. a gerbil (Tatera brantsi), the multimammate rat (Rattus coucha), a subspecies of the wild mouse (Mus musculus molossinus), and the laboratory mouse (see Asdell, 1964 ).
On Day 18 of pregnancy, when the third peak of progesterone concentration occurred, no such rejuvenation of older corpora lutea was observed. On that day, however, cell size and degree of luteinization of the corpora lutea of pregnancy had markedly increased. The events above suggest that, as in hamsters (Hilliard, 1973) , the placenta may participate in progesterone production in pouched mice during the later stages of pregnancy, but not 'take over' the production as in rats, guinea-pigs and sheep (see Rowlands & Weir, 1984) . Whether the placenta actually has a luteo¬ trophic role in pouched mice, as in rats, mice and guinea-pigs (Greenwald, 1967) , was not established.
The occurrence of one accessory corpus luteum in a pregnant female on Day 18 was considered incidental.
The progesterone profile during pregnancy in pouched mice, with 3 distinct peaks increasing in size with gestation time, resembles the progesterone profile of pregnant hamsters (Leavitt & Blaha, 1970) , while differing from that of mice, in which the progesterone concentrations reach a 'fluctuat¬ ing plateau' on Day 5-6 of pregnancy, which declines from Day 17 (McCormack & Greenwald, 1974) . It also differed from the profile in rats in which the concentration of progesterone is doubled between Days 7 and 13 but recedes 2 or 3 days before parturition (see Rowlands & Weir, 1984) .
The very low levels of follicular development and progesterone concentrations throughout lactation support an earlier suggestion of the occurrence of a lactational anoestrus in pouched mice (as indicated by vaginal smears) (Westlin-van . This is unlike most other myomorph rodents, but well in agreement with the hamster (see Rowlands & Weir, 1984) .
The significantly high concentration of progesterone in the pseudopregnant females (Day 9) than in females at Day 9 of pregnancy could not be explained.
